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demonstrate the importance of both the SecA N-domain as well as its C-domain
in stabilizing the interaction in vivo.
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The SecY complex or channel is responsible for translocation of proteins across
the bacterial inner membrane. The complex maintains a seal for small mole-
cules by means of a plug domain and a hydrophobic pore, consisting of six iso-
leucine residues arranged in a ring. When these pore residues are mutated into
asparagine, a specific conductance for small monovalent anions, like chloride,
is observed. Here, we show that an enhanced chloride conductance is also ob-
served when bulky phenylalanine residues are introduced into the pore ring.
The increased conductance is accompanied by an increase in protein transloca-
tion. Chloride conductance was also observed upon addition of trivalent alumi-
num cations, which are suspected of binding to negatively charged residues
near the lateral gate of SecY.
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Stability of Vesicles with Incorporated Aquaporin Z Under Various Physio-
chemical Conditions

Aquaporins are integral membrane proteins that can transport large amounts of
water molecules across the cell membrane by facilitated transport. One aqua-
porin can transport over 3 billion water molecules per second. Among many dif-
ferent types of aquaporins, we are using E. coli Aquaporin Z that is known as
ahighly specific water channel. This prokaryotic origin aquaporin is easy to mod-
ify genetically and it is possible to produce it in large amounts. By means of nano-
biotechnology we attempt to develop aquaporin-incorporated membranes that
can act as energy efficient water filtration membranes. To fabricate the aquaporin
incorporated filters, it is important to characterize the aquaporin endurance
against various chemical and physical conditions, in order to know what type
of nanofabrication technologies can be used in the final membrane production.
In our membrane concept, aquaporin incorporated vesicles are the main build-
ing blocks because thermodynamically vesicles are stable and aquaporin retains
its functionality when incorporated into vesicles. In this research, we have tested
aquaporin-incorporated vesicle functionality with respect to various physio-
chemical influences such as pH, high temperature, long time UV exposure,
high pressure, oxidative stress and several solvents at various concentrations.
Subsequently, we have characterized the effect of the applied physiochemical
conditions by stopped flow light scatter (SFLS) to check if the water permeabil-
ity of the vesicles was changed or killed by the various treatments.
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The Major Facilitator Superfamily (MFS) is an important class of membrane
transporters whose members are found in unicellular organism to complex sys-
tems like the human central nervous system. Lactose Permease (LacY) of E.
coli, an MES protein that transports various sugar molecules across plasma
membrane, has been studied as a prototype of secondary transport proteins.
Though the structure of LacY in the cytoplasmic open state (inward-facing)
has been determined, the atomic-level details of the periplasmic open structure
(outward-facing) are unknown. Using a two-step hybrid simulation approach
that involves Self-Guided Langevin Dynamics (SGLD) simulations with an im-
plicit membrane followed by molecular dynamics simulations with an explicit
membrane, we have obtained an opening of LacY on the periplasmic side that is
consistent with the Double Electron-Electron Resonance (DEER) experiments
(Smirnova et al., PNAS, 2007). The inward-facing state is stabilized by several
helix-helix hydrogen bonds involving side chains of the residues N245, S41,
E374, K42 and Q242 and mutations in these residues may destabilize these in-
teractions and help crystallize the outward-facing state. We believe that this hy-
brid simulation approach can be extended to determine the unknown structures
and mechanisms of other secondary active transporters. In addition, sugar bind-
ing to LacY has been investigated and our simulations support the alternating
access model of sugar transport (same binding site accessible from either side

of the membrane). More extensive studies on binding involved alchemical free
energy perturbation calculations on af-(Galp)2 and BB-(Galp)2 to better under-
stand the anomeric binding effect. Our methods are tested by comparing the
computed binding free energy values for NPG (p-nitrophenyl a-D-galactopyr-
anoside) with the experimental values (Nie et al., JBC, 2006). This work will
aid in understanding the effect of substrate structure and affinity to LacY.
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While rotation of F; ATPSynthase has been well characterised at the single mol-
ecule level over the past twelve years, direct observation of coupled rotation of
FF, ATP Synthase in energised lipid bilayers is still fraught with difficulties.
One of the biggest challenges is the creation and preservation of a stable and en-
ergisable lipid bilayer, so that the proteins can be inserted and remain functional
in its native environment. Such a setup must also be coupled with a high resolu-
tion microscopy technique, in order to allow direct single molecule observations.
In this study, we report the use of the droplet-on-hydrated-support bilayers
(DHBs) technique, by Heron et. al. , to observe both fluorescence labelled and
gold labelled EColiF ;F ,ATPase, which have been inserted into the lipid bilayer.
This was done using Total Internal Reflection Microsopy (TIRF) and a novel
Dark Field Microscopy setup. The 2-dimensional diffusional constant of the pro-
tein ensemble in the lipid bilayer was characterised by tracking the position of the
proteins over time. Furthermore, we have also attached the F,, portion of the pro-
tein to a functionalised substrate sitting below the bilayer and thereby inhibiting
its movement. The F'; portion is, in turn, labelled with gold beads and free to ro-
tate above the bilayer. This configuration would allow the F, to behave as the
stator while the F; as the rotor, so that coupled rotation can be observed. The
next part of this on going work would thus be to provide either ATP or a proton
motive force to drive the rotation of the protein in hydrolysis and synthesis mode.
We hope to report these findings in the coming conference.
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ATP Binding Cassette (ABC) transporters are transmembrane transporters that
use the energy released by ATP hydrolysis to transport a wide array of sub-
strates. They are found in all kingdoms of life, and are complicit in various ge-
netic conditions, such as cystic fibrosis, macular degeneration, and multi-drug
resistance. The E. coli ribose transporter (RbsABC) is a multisubunit ABC
transporter complex with a periplasmic ribose binding domain, a transmem-
brane domain dimer, and a cytoplasmic nucleotide binding domain. The ribose
transport complex has been shown to assemble and disassemble into distinct
combinations of the subunits based on the presence of cofactors (ATP and an-
alogues, ADP, orthovanadate, and magnesium), suggesting a series of steps for
how the subunits associate and subsequently transport ribose.

To further explore the conformation of the subunits in response to these differ-
ent sets of cofactors, cysteine mutations were introduced to allow the addition
of EPR spin labels. These labeled mutants will be used to determine whether
subunits are bound. Additionally, double mutants will be used to elucidate
conformational state of subunits.
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GM2AP is an 18kDa protein that is involved in the catabolism of the ganglio-
side GM2. GM2AP is thought to bind GM2 in intralysosomal vesicles and pres-
ent the oligosaccharide head group for hydrolytic cleavage. Mutations in
GM2AP lead to an accumulation of GM2 in the lysosomes, causing the lyso-
somal storage diseases Tay Sachs or the AB variant of Sandhoff’s disease.
The crystal structure of GM2AP revealed the protein in five different crystal
forms, with large differences in the diameter and area of the opening to the lipid
binding cavity differences can be attributed to the flexibility of the mobile
loops. Site directed spin-labeling combined with continuous wave and pulsed
electron paramagnetic resonance methods has been used to investigate the in-
tramolecular distances between the mobile loop regions of GM2AP. Distance
profiles are obtained with and without the physiological ligand GM2 as other
phospholipids.



